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Executive Summary

GOALS / OBJECTIVES

The goal of the Coral Bleaching Recovery Plan is to promote coral reef recovery following
the 2014-2015 global coral bleaching event. Coral bleaching is a stress response, generally
induced by high temperature and light levels, where the coral animal expels zooxanthellae,
or photosynthetic dinoflagellates that provide coral polyps with energy. Bleached corals are
in a weakened state and will eventually die if temperature and light levels remain high. We
sought to identify management interventions most likely to promote coral recovery following
the mass bleaching event in Hawai'‘i, specifically by synthesizing published information and
expert opinions relevant to future policy and rule making by the Department of Land and
Natural Resources (DLNR). The Coral Bleaching Recovery Plan summarizes these findings,
with the goal of supporting effective capacity to implement management actions to promote
coral recovery in Hawai'i.

HAWAI‘I’S MASS BLEACHING EVENT (2014/2015)

In August 2014, thermal stress began to cause bleaching throughout the Hawaiian
Archipelago. In the main Hawaiian Islands, the majority of bleaching was observed around
Kauai, Oahu, and Maui [23]. In 2015, bleaching was severe, with the most extreme bleaching
occurring in west Hawai‘i and Maui. The bleaching event resulted in extensive coral mortality,
especially in west Hawai‘i and Maui. Although mortality varied among sites, overall average
coral cover loss at surveyed sites in west Hawai‘i was 49.7% as a result of the 2015 bleaching
event [25]. Bleaching mortality rates were especially catastrophic for important reef-building
species; for example, Porites lobata mortality was 55%, while for P. compressa it was 33%
[25]. Coral mortality rate of Maui’s corals was estimated at 20-40% following the 2015
bleaching event [27].

DEVELOPING A CORAL BLEACHING RECOVERY STRATEGY

To develop a strategy to promote coral recovery following the mass bleaching event, we
synthesized management recommendations in four major steps: 1) define the role of resource
managers, 2) collect global expert opinion on ecologically effective management actions,

3) collect Hawai‘i-based expert opinion on effective management actions, and 4) analyze
empirical evidence describing how the top ranked management actions could meet our
recovery objectives.



CONCLUSIONS

Thus, our analysis indicates that spatial management and particularly, herbivore manage-
ment, will be critical to post-bleaching coral recovery in Hawai‘i. These were top ranked
actions in both evaluations of global and local expert judgment as well as scientific literature.
Additionally, there were some differences between management actions ranked most highly
by experts and the evidence derived from the scientific literature. For example, reducing sed-
iment stress was ranked highly by experts but did not come out as an important action from
the literature analysis. This may be because the experts that were surveyed in this study were
not explicitly asked to consider the feasibility of each management action. Thus, as part of
our findings, we discuss the caveats of our analysis, including the limitations associated with
the use of expert opinion to inform management decisions. Our evaluations were inherent-
ly subjective, as scientific papers tend to focus on research questions rather than feasible
management outcome.

The next step in the coral bleaching recovery planning process should be to evaluate where
the top-ranked actions including spatial management and perhaps a selection of fisheries
rules would have the greatest positive impact in terms of coral reef recovery. This is still an
open question because, as the literature emphasized, management actions will not have a
consistent effect based on the natural ecological variability among different reef areas. This
spatial prioritization should consider minimizing social cost and consider the management
feasibility of actions that are seriously being considered for implementation. Finally, an evalu-
ation of how management actions could enhance resiliency to future coral bleaching events
is needed. Bleaching events are predicted to increase in both severity and frequency and so
a proactive, resilience-based management framework should be considered to support the
ability of Hawai‘i’'s reefs to resist frequent climate disturbances.



Section One: Introduction

All elements of this plan were co-developed and reviewed through an initial scientific steering committee, and then
reviewed by the Department of Land and Natural Resources (DLNR), Division of Aquatic Resources (DAR) which
also provided input to the initial structure of the plan and the final plan content.

Anne Rosinski
University of Hawai‘i (UH),
Hawaii Coral Reef Initiative

Charles Birkeland
University of Hawai‘i (UH)

Darla White
DAR

Eric Conklin
The Nature Conservancy (TNC)

Ivor Williams
NOAA Pacific Islands Fisheries Science Center
(PIFSC)

Jamison Gove
NOAA Pacific Islands Fisheries Science Center
(PIFSC)

Kelvin Gorospe
NOAA Pacific Islands Fisheries Science Center
(PIFSC)

Tom Oliver
NOAA Pacific Islands Fisheries Science Center
(PIFSC)

William Walsh
DAR

The goal of the Coral Bleaching Recovery Plan is to
promote coral reef recovery following the 2014-2015
global coral bleaching event. Coral bleaching is a stress
response, most commonly induced by high tempera-
tures and light levels, in which the coral animal expels
zooxanthellae, the photosynthetic dinoflagellates that
provide coral polyps with much of their energy. With-
out zooxanthellae, coral becomes more susceptible to
diseases and if the stress, in this case a period of high
ocean temperatures, is sustained, coral mortality will
occur. Coral bleaching events typically occur during the
warmest time of year, in Hawai'i this is between August
and October.

Coral mortality caused by frequent coral bleaching
events leads to systematic changes in the structure of
tropical ecosystems [1-6]. Mass coral bleaching events
are occurring with more severity and frequency, nega-
tively affecting coral reefs worldwide with both short and
long-term impacts [7-11]. Studies of coral bleaching in

Hawai‘i have mainly focused on physiological processes
including acclimation potential [12,13], mechanisms
and breakdowns in coral metabolism [14,15], and the
role of reef environmental parameters and reef morphol-
ogy on coral bleaching patterns [16]. Thus, despite the
pressing consequences of increasingly frequent coral
bleaching events, direct management interventions to
promote recovery from a bleaching event have been
extremely limited [17-20].

We sought to identify management interventions that
could promote coral recovery to Hawai‘i's mass bleach-
ing by synthesizing information that could directly sup-
port future policy and rule making by the Hawai‘i DAR.
This process began with an announcement by DAR that
they would initiate comprehensive coral reef manage-
ment planning, prompted by the unprecedented coral
bleaching throughout the state (Figure 1). The first step
in the planning process was to synthesize peer-reviewed
literature to identify the role of resource managers in
coral bleaching recovery and to collect case studies of
previous management interventions following a mass



bleaching event. Then, we collected opinions from global
coral bleaching experts on which management inter-
ventions they felt would be most ecologically effective in
Hawai'i.

Through a workshop with Hawai‘i-based coral experts,
potential management actions were further prioritized.
The workshop group also ranked specific actions that
DAR could take in four priority areas: west Hawai'i,
Maui, Kane‘ohe Bay, and North Kaua'i. Finally, the top-
ranked management interventions were further analyzed
in a process to investigate how well each action met our
recovery objectives. The Coral Bleaching Recovery Plan
synthesizes the information garnered from these steps
to support DAR'’s decision-making process to implement
management interventions to promote coral recovery
and resiliency throughout the state. Online resources for
this plan can be found at
http://dinr.hawaii.gov/reefresponse/.

Figure 1.

DAR announced development of a
Coral Bleaching Recovery Plan

Collect global opinions through the
Coral Bleaching Recovery Survey

Synthesized peer-reviewed literature
related to coral bleaching and recovery

Analyzed recommendations with local
expert researchers and DAR staff at the
Coral Bleaching Recovery Workshop

Writing the Coral Bleaching
Recovery Plan

The final Coral Bleaching Recovery
Plan is released

20 1 4 Beginning in early spring 2014, NOAA

Coral Reef Watch reported the appearance
of positive sea surface temperature (SST) anomalies that
suggested the development of an EI Nifio event [21].
The coral bleaching event was specifically triggered by a
combination of warming in the North Pacific Ocean, was
the Pacific Decadal Oscillation, and “The Blob”, a large
mass of warm ocean water that developed and stayed in
the Pacific Ocean off the coast of North America [21].
By late August 2014, thermal stress began to cause
bleaching throughout the Hawaiian Archipelago. The
high thermal stress in Hawai'i started in the central por-
tion of the archipelago around the Northwest Hawaiian
Islands (NWHI).

The accumulation of thermal stress can be measured
in Degree Heating Weeks (DHW). For example, if sea

surface temperatures exceed the bleaching threshold
for by one degree for one week, that's a DHW value of
1. When the DHW metric reaches 4 °C-Weeks, sub-
stantial coral bleaching typically occurs. If DHW values
reach 8 °C-Weeks, widespread bleaching is likely and
significant coral mortality can be expected. During the
2014 event in the NWHI, certain areas experienced up
to 15 °C-Weeks (see Appendix A for NOAA Coral Reef
Watch satellite data). This marked the third and most
severe coral bleaching event on record in the NWHI.
Areas severely affected included French Frigate Shoals
and Lisianski Island, especially on Montipora-dominated
reefs [22].

High temperature anomalies then spread both to the
west and east, reaching the main Hawaiian Islands

in late-September 2014 [21]. In the main Hawaiian
Islands, the majority of bleaching was observed around
Kaua‘i, O‘ahu, and Maui [23]. Areas of Kane‘ohe Bay,
O'ahu were especially impacted in part because of com-
pounding effects of a flooding event during the bleach-



ing event [24]. DAR surveys indicate that over 10 spe-
cies of coral were affected by the 2014 bleaching event
in Kane‘ohe Bay [23]. On average, three out of four
dominant coral species’ colonies exhibited some sign of
bleaching, with northern areas of Kane‘ohe showing the
worst bleaching, while reefs in the central part of the bay
exhibiting less bleaching [23].

Figure 3.

Images from coral bleaching survey sites in west Hawai'i
a) severely bleached Porites evermanni at N. Keauhou,
b) severely bleached Pocillopora eydouxi and Porites
lobata colonies at Honokohau, c) initial turf colonization
on P. evermanni at N. Keahou, d) and e) initial algal turf
colonization on P. lobata at Honokohau, and f) algal turf
colonization of recently dead P. evermanni at N. Keauhou
(post-bleaching mortality), from Kramer et al. 2016.

In Kane‘ohe Bay, the majority of coral colonies tagged
by DAR had returning color and were recovering in
December 2014, while 12% of colonies had died
(Figure 2). Relative to O‘ahu, other areas including
west Hawai‘i and Maui had some moderate to minimal
bleaching in 2014.

Figure 2.

A coral colony tagged in
Kane‘ohe Bay by DAR showing
significant bleaching in October
2014 (left) and re-coloring in
December 2014 (right).

Photos: DAR

20 1 Global-scale bleaching occurred again in

2015, and the NOAA Coral Reef Watch
program declared the third ever global coral bleach-
ing event based on their suite of satellite monitoring
products [25]. This intense temperature anomaly again
resulted in coral bleaching throughout the Hawaiian
archipelago, this time with higher severity particularly in
the southern islands (Figure 3).




The stress exhibited on corals from the 2015 event
peaked at 12 °C-Weeks. Severe mass bleaching was ob-
served in west Hawai‘i and Maui, with minimal bleaching
observed around O‘ahu and Kaua‘i. In west Hawai'i,
there was site-level variation in bleaching prevalence,

in South Kohala region averaging 53% but other areas

in west Hawai‘i reaching up to 93% average bleaching
prevalence [26, 27]. Among the most affected sites were
shallow regions at Kanekanaka, Kawaihae and ‘Ohai‘ula
(Spencer Beach) where 80-85% of the corals severely
bleached [26]. Bleaching was also observed on Maui,
particularly on southern and western-facing shores [28].

Figure 4. Percent change in hard coral cover between
visual surveys. Data and graphs by NOAA-PIFSC

Bleaching Impacts: Change

West Hawai‘i and Maui had the highest levels of mor-
tality following the 2015 bleaching event (Figure 4,
Figure 5). Although mortality varied among sites, overall
average coral cover loss at surveyed sites in west Hawai'i
was 49.7% as a result of the 2015 bleaching event [26].
Bleaching mortality rates were especially catastrophic
for important reef-building species; for example, Porites
lobata mortality was 55%, while for P compressa it was
33% [26]. Coral mortality rate of Maui’s corals

was estimated at 20-40% following the 2015 bleaching
event [28].
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Figure 5a. Percentage of mean bleaching prevalence around the Main Hawaiian Islands in 2014 and 2015

presented at the sector (coastline) scale. Data provided by the Hawai'‘i Coral Bleaching Collaborative and map

made by NOAA-PIFSC.
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Figure 5b. Percent coral cover lost from 2013/2015 (combined) and 2016 around the Main Hawaiian Islands

from visual estimates of % coral area. Data and map by NOAA-PIFSC.
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20 1 On November 3, 2016 the NOAA Coral
Reef Watch program provided an update
on the status of the temperature anomaly, which includ-
ed a La Nifia Advisory [29]. Negative SST anomalies
were occurring across much of the eastern and central
equatorial Pacific Ocean, suggesting an overall cooling of
the region. It is thought that La Nifia conditions will per-
sist through winter 2016-17 and it is not forecasted that
Hawai'‘i will experience another coral bleaching event
during this period (as of February 2017) (Figure 6).

Figure 6. Timeline of important events during the 2014 - 2016 mass coral bleaching event in Hawai'i

Bleaching is
observed in the
NOAA Main Hawaiian Significant loss
announces Islands (MHI), NOAA declares of coral is
development of including third ever global documented in
El Nifio event Kane‘ohe Bay bleaching event West Hawai'i
J/\\ J/ \\ J/ \\ c// \\ c// \\ c// \\
\ 2014 J} \ ’\ f f f
N4 4 N4 N\ 4 N4 N4
Mass bleaching Substantial Temperature NOAA announced
develops in the recovery stress reaches a La Nifa advisory,
Northwest observed in 12°C-Weeks in overall cooling
Hawaiian Islands Kane‘ohe Bay the MHI, mass of the region, no
(NWHI) bleaching is bleaching was
observed in observed in
West Hawai'i Hawai'i
and Maui
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Section Two: Developing a
Coral Bleaching Recovery Strategy

A bleaching event can lead to a shift in the coral reef
ecosystem from a coral-dominated state to an al-
gal-dominated state. This alternative state is less desir-
able because it is generally less valuable and provides
less ecosystem services.

Coral reef decline can be permanent or temporary,
depending on its resilience, which is a reef’s ability to
absorb disturbance (e.g. a bleaching event) and respond
to change while maintaining the same function, and
thus providing the same ecosystem services!. Coral reef
resilience has three components: tolerance, or the ability
to survive bleaching; resistance, or the ability of corals

to withstand high temperatures without bleaching; and
recovery, or the ability of coral to be replenished after a
significant mortality event [20].

Despite the potential loss of ecosystem services, there
have been few examples worldwide of the practical

implementation of resilience principles into management
action [30, 31]. Recently, a resilience-based manage-
ment framework has been proposed, which integrates
resilience theory into coral reef management through the
identification of management ‘levers’ [32]. Levers are
management actions that will have a direct impact on
the specific management objective within the resilience
framework. However, this process identifies broad suite
of actions, or approaches, that managers could imple-
ment (e.g. ‘reduce fishing of herbivores’) and did not a)
identify specific actions that managers could take (e.g.
bag limits versus size limits, etc.) or b) prioritize these
actions on a site-specific level.

The Coral Bleaching Recovery Plan focuses on the third
aspect of coral reef resilience—recovery from a signifi-
cant mortality event. To develop a strategy to promote
coral recovery following the mass bleaching event in
Hawaii, we developed a strategy which has four steps:

Define the role of resource managers

Select priority areas for management implementation

Gather expert judgment on ecologically effective management actions

Analyze empirical evidence describing how the most highly ranked management actions

could meet our recovery objectives

Defining the role of the resource manager was needed to
understand the full array of potential actions managers
could take particularly following a mass bleaching event
as well as investigate what actions managers have pre-
viously taken. Surveying coral bleaching experts on both
a global and local scale allowed narrow the possibilities
of management action based on expert judgment, which
is a method commonly used commonly used in man-
agement decisions, especially when there is urgency to
the decision-making process or a lack of other credible
sources of information [33]. Expert judgment can be
particularly useful in situations where certain parameters

are not easily assessed (for example future conditions or
the effects of hypothetical actions) [34-37]. Despite the
usefulness of expert opinion, the use of this approach
naturally creates some uncertainty [33, 38]. The use

of scientific literature has its own level of uncertainty,

as the limitations of individual studies in terms of their

wider application, may not be thoroughly discussed [39].

For the purposes of the Coral Bleaching Recovery Plan,
we ultimately based our conclusions on management
actions that were prioritized in both expert judgment and
the literature analyses.

12



Part 1: Defining the Role
of Resource Managers

The first step in the development of the Coral Bleach-
ing Recovery Plan was to review scientific literature to
define the potential role of resource managers following
a bleaching event. Primary literature and management
reports were gathered from the Coral Bleaching Working
Group, the Web of Science database, Google Scholar,
and the Reef Resilience Network. Database search
terms included ‘coral bleaching AND management’,
‘coral bleaching AND recovery’, and ‘coral bleaching
AND intervention.’

We reviewed and analyzed over 200 peer-reviewed
articles and reports categorizing management recom-
mendations and looking for intervention case studies2.
The literature analysis identified five potential goals that
resource managers could have when intervening follow-
ing a bleaching event: 1) prevent additional damage to
coral, 2) control algal overgrowth, 3) stimulate new coral
settlement, 4) stimulate coral regrowth and 5) replace
dead coral (Figure 7). The five goals each link to specific
strategies that could be used to achieve the goal, which
are additionally linked to the ecological goal through a
mechanism.

Management Goal

Strategy Mechanism Ecological Goal

Spatial protection for

disturbed areas

Preventing additional

damage to coral
Reduction of land-

based pollution

Decrease
anthropogenic
stressors

Increase herbivory
rates

Promote coral
recovery
following a
mass
bleaching
event

Encourage increased
coral settlement

Encourage increased
coral growth

-
=
&
g Spatial protection of
] herbivores
E Controlling algal
overgrowth " .
20 Q i Herbivore protection
:‘Z 2 through fisheries
o § rules
£ %
£
=
u;n Spatial protection of
£ larval sources
X
o Stimulating new coral
= settlement
Secure substrate for
larvae
: ) Facilitate conditions
Stimulating new coral e
for rapid tissue
growth .
regeneration
X Transplanting
g fragments from
g :,‘ﬂ unaffected areas
O
S 0 Replacing dead coral
o 8
é‘ g Farming bleaching-
T resilient genotypes
= genotyp:

Figure 7. lllustration of the connections between the ecological and management goals following a mass bleaching event based on a re-
view of over 200 peer-reviewed scientific articles and reports. The framework depicts managers intervening in one of two broad categories:
either within existing management structures or employing active recovery strategies. Five management goals were identified that would
employ a combination of nine strategies. The strategies are linked to the ecological goal of promoting coral recovery through a mechanism.

2 Fora full description of the methods and analysis of coral bleaching literature, as well as detailed descriptions of each case study, please refer to this report:
https://dInr.hawaii.gov/reefresponse/files/2016/09/literature-review_final-report_FINAL.pdf
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‘Preventing additional damage to coral’ refers to the
management goal of protecting coral reef areas from
stressors which may compound the effect of a bleaching
event. Examples of these stressors could include over-
fishing, land-based pollution, or physical breakage from
boats, trampling, etc. ‘Controlling algal overgrowth’ refers
to the goal of preventing or potentially reversing a phase
shift from a coral-dominated system to an algal-domi-
nated system. ‘Stimulating new coral settlement’ refers
to the goal of managers creating conditions which is
conducive to coral larvae settling and eventually replac-
ing the dead coral. ‘Stimulating coral regrowth’ refers to
mangers creating conditions under which remnant coral
that has survived the bleaching event can rapidly regrow
and populate the dead area. These goals all under the
overarching category of mangers working within existing
management structures, meaning bolstering rules and

regulations that are likely ongoing and relying on natural
recovery processes. ‘Replacing dead coral’ refers to man-
agers either by growing replacement corals in a nursery
and then transplanting them to a bleaching affected area
or by transplanting healthy corals from an unaffected
area to the bleached reef. This goal falls under the active
recovery category, meaning managers would actively
intervene to physically restore bleaching affected areas.

Only a subset of the 200 reviewed papers referred to
specific management goal. Of the papers that specifically
referred to one of the management goals, the most fre-
quently recommended goals were ‘preventing additional
damage to coral’, which was recommended 42 times and
‘controlling algal overgrowth’, which was recommended
35 times. The least frequently recommended goal was
‘stimulating coral regrowth’ (Figure 8). Several papers
recommended a combination of these goals.

Figure 8.

Number of times management
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subset of articles addressed a
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several papers recommended a
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Prevent
additional algae coral setflement
damage to coral overgrowth

Controlling  Stimulating new Replacing dead  Stimulating

coral coral regrowth

Preventing additional damage to coral allows for the natural recovery of dead or damaged

corals. In the literature, the main management action to prevent additional damage to coral
reef areas following a bleaching event was the creation of MPAs [18, 40, 411. The need for
new management approaches for exploited areas outside of MPAs was also acknowledged
[40, 42]. It was strongly suggested that these protected areas should be placed on and
around reefs that have naturally higher resiliency to bleaching events [43-56]. Additional
actions to prevent damage included the, reduction of harmful sediment, nutrients, and
other pollutants.

Controlling algal overgrowth allows for the settlement of new coral recruits and helps to
prevent phase shifts excessive algae. Preventing overgrowth prevents reefs from becoming
dominated by algae that inhibit coral growth and recruitment (e.g. thick turfs and macroal-
gae) and increases cover of algae that are benign or inferior competitors to corals (e.g. heav-
ily cropped turfs and crustose coralline algae)—and can therefore lead to substantially better

14



outcomes for resident corals. The majority of such studies have pointed to the protection

of herbivores, especially parrotfish, as being critical to effective management. Protection of
herbivores from fishing pressure has been projected to delay rates of coral loss even under
the most extreme bleaching and other disturbance events [57]. Where fishing pressure on
herbivores is high, two main strategies have been suggested: spatial management and the
implementation of fisheries restrictions (e.g. bag and size limits). The use of MPAs focusing
on the protection of herbivores has been cited in multiple studies as a successful strategy to
protect herbivore populations [3, 58-601.

The literature emphasizes that not all herbivores have equal effects on rates of coral recov-
ery, and that managers should target those species, functional groups, and sizes that have
the greatest local impacts [2, 61-63]. Many researchers have focused on parrotfish (Lab-
ridae, subfamily Scarinae) and their role in the removal of algae from coral reefs following
disturbance. As with other herbivores, it has been found that their effect differs among spe-
cies, functional groups, and sizes, with larger individuals having greatest impacts on benthic
condition [2, 64]. A recent action to protect parrotfish in Belize through a fishing ban was
found to have increased the resilience of surrounding reefs six-fold [64].

Regarding specific fisheries management objectives, a recent study concluded that for
Caribbean reefs, the implementation of a harvest limit of 10% of parrotfish biomass and a
minimum size of 30cm would greatly increase coral resilience to climate change [65].

Stimulating new coral settlement is a recommended strategy for management actions en-
suring larval connectivity to the affected area. [51, 66]. It is important to ensure that larval
sources maintain a diverse gene pool to the settlement area [67]. Adequate substrate is
also imperative; measures should be taken to ensure adequate hard-bottom habitat in the
receiving site [78]. There remains a need to bring together connectivity, larval settlement,
and post-settlement mortality science to ensure that management targets the most valuable
areas [66].

Several strategies have been suggested proposed to encourage settlement of new coral to
bleached areas. For example, McLeod et al. (2009) and Magris et al. (2014) discuss the
use of MPAs to protect sources of larvae [54, 69]. Amar and Rinkevich (2007) explored the
use of active restoration to create coral nurseries as ‘larval dispersion hub.” These farmed
colonies had 35% higher oocytes, or egg cells, per polyp and developed faster than their
natural counterparts [70]. A restoration effort in the Philippines following a dynamite blast
used plastic mesh to secure loose substrate and found that coral recruitment and percent
coral cover increased within 3 years [71]. Lastly, it has been found that early coral life stages
are particularly vulnerable to human stressors, so focusing on land-based pollution may also
be a strategy to promote settlement of coral larvae [51].

Focusing on replacing the coral killed by a bleaching event with new coral from another loca-
tion is a relatively novel active restoration method. The two main methods mentioned in the
literature are: 1) collecting fragments from unaffected areas, and 2) farming bleaching-resil-
ient genotypes to plant in the restoration area. Gomez et al. (2014) collected fragments from
unaffected reefs in the Philippines following a bleaching event and transplanted them to

the damaged area. After three years, they documented increased coral cover as well as fish
becoming attracted to the new reef [72]. This gardening method has been used extensive-

15



ly in the Caribbean for the restoration of staghorn and elkhorn corals [73]. Selecting and
farming bleaching-resistant species is also a relatively new phenomenon, but it is gaining
momentum for Caribbean corals [66]. The hope is to target genotypes that are also resistant
to other stressors such as disease.

A few papers documented instances where conditions following a coral bleaching event
stimulated the rapid recovery from remnant live tissue. On the Great Barrier Reef, areas
dominated by Acropora spp. was found to recover quickly (less than one year) due to rapid
regeneration and competition with invasive algae (Lobophora variegata) [74]. Roff et al.
2014 described a phenomenon called the ‘phoenix effect,” where small, hidden patches of
live tissue in a French Polynesia lagoon environment quickly overgrew dead coral and led to

rapid recovery of the lagoon area [75]. Finally, Graham 2013 described how if detrimental
human impacts could be reduced in the area, pulsed disturbance events could ‘jump-

start’ a return to a coral-dominated state [5]. However, all of these papers describe natural
phenomena, lacking direct management intervention. In addition, these are unique and rare
case studies and so shouldn't be relied upon by managers as a foundational goal.

Case Studies of Resource Managers Intervening Following a Bleaching Event

Of the 207 papers that were reviewed, only six examples
were found of managers directly intervening following

a bleaching event to assist in the recovery of those reef
areas (Table 1). These efforts fell into two of the man-
agement goal categories described above: 1) ‘preventing
additional damage’ to corals and 2) ‘replacing dead
coral’. It is notable that there are only a hand full of
management intervention examples and also that these
examples do not align with the majority of recommended

Table 1.

actions in the scientific literature (which instead point to
‘preventing additional damage’ through the implemen-
tation of MPAs and controlling algal overgrowth through
the effective management of coral reef herbivores). It

is currently unknown what prevented managers from
developing management goals that were more aligned
with the scientific recommendations. Additionally, there
was little evidence that these interventions ultimately
promoted coral recovery following the bleaching event.

Beeden et al. Great Barrier Preventing Creation of no-anchor Reduced anchor damage from ~80 4 years
2014 [76] Reef, Keppel additional damage zones to less than 10, coral continued to
Islands decline

Yeemin et al. Malaysia, Preventing Closure of high-traffic No biological outcome could be 4-14
2012 [77], Tun Thailand additional damage dive sites found, some conflict between months
et al. 2010 [78] managers and dive site users

resulted
GBRMPA 2008 Great Barrier Preventing Self-moratorium on No biological outcome found; MPA 8 years
[791, Bonin et Reef, Keppel additional damage aquarium collecting network supports larval dispersal
al. 2016 [80] Islands
Gomez et al. Philippines, Replacing Transplantation of coral After 12 months, recorded high 3.5 years
2014 [72] Bolinao dead coral fragments to degraded, survivorship (~95%), extensive

formerly bleached area coral cover; after 16 months more

transplanted colonies were fusing

and reef fish using the new habitat
Mbije et al. Tanzania Replacing Transplantation of coral After one year, saw high surviorship 12
2013 [81] dead coral fragments to degraded, of transplants, low cost showed that months

formerly bleached area transplantation could maintain

ecosystem function
McClanahan et Kenya Replacing Transplantation of Transplantated corals were heavily 6 months
al. 2005 [82] dead coral bleaching-resistant preyed upon by coral-eating fish,

corals to formerly

which limited coral recovery

bleached area
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Four priority areas for management intervention have
been identified, which were chosen because they had
the highest levels of either exposure to high ocean tem-
peratures and/or had the highest levels coral mortality
following the 2014/2015 bleaching event. The four

= NORTH KAUA'

priority areas are: west Hawai‘i, leeward Maui, Kane‘che
Bay (O‘ahu) and North Kaua'i (Figure 8). The priority
areas serve as templates for where management inter-
ventions are most needed. Hawai‘i's coral reef scientists
and managers worked collaboratively to identify potential
management implementation obstacles and opportuni-
ties as well as research needs identified for each of the
four areas. These lists which may serve as a guide for
future management implementation (see Appendix B).

KANE ‘OHE BAY

LEEWARD MAUI

WEST HAWAI'l

Figure 9. Priority sites for the implementation of management actions to promote coral bleaching recovery, from top left (North Kaua'i,
Kane‘ohe Bay, west Maui and west Hawai'i). These sites were chosen because they had the highest levels of exposure to high ocean
temperatures and/or the highest rates of coral mortality following the 2014/2015 coral bleaching event.
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ecological effectiveness of specific actions that could

be employed to reach their recovery goals. This was
accomplished through a DAR online survey to gauge the
judgment! of global coral bleaching experts? as well as
an in-person voting exercise with Hawai‘i-based manag-
ers and scientists at an August 2016 workshop.

Global Scientist Expert Judgement

In addition to understanding the potential roles that

resource managers could play and have played in pro-
moting coral recovery following a mass bleaching event,
Hawai‘i managers needed information on the perceived

For the DAR online survey, global bleaching experts were defined as meeting at least one of the
following criteria:

Lead author on a scientific paper or article dealing with an aspect of coral bleaching or
other relevant topic (e.g. herbivory). Only the lead author was included on the contact list if
the research was conducted outside of Hawai‘i.

Author (lead or otherwise) of a paper/article focused on Hawai‘i dealing with an aspect of
coral bleaching or other relevant topic (e.g. herhivory).

Participant in a coral bleaching workshop

Analyze empirical evidence describing how the most highly ranked management actions

could meet our recovery objectives.

Based on these criteria, a list of 176 experts was devel-
oped. Those experts were asked to score the ecological
effectiveness of 22 potential management actions to
promote the recovery of bleached reefs using a weighted
point system ranging from ‘very effective’ to ‘not effec-
tive." The management actions were derived from a
review of the literature described in Part 2, suggestions
from local experts, previously identified actions from

L The't
Redefining
2 For a full description of the methods and a alysis fo
sponse/files/2016/09/CoralRecoverySurvey_FINAL.pdf

d improving gical jud

" is based on the definition described in: Burgman, M., A. Carr, L. Godden, R. Gregory, M. McBride, L. Flander
en vation Letters. 4: 81-87

a 2013 Hawai'i coral bleaching response workshop of
resource managers and scientists, restoration strategies
that Hawai‘i DAR already engage in, and actions that
had been suggested by stakeholders following the 2015
bleaching event (Table 2). These actions fit into the
framework that was developed in Part 2, as practical
ways that mechanisms will lead to the ecological goal of
promoting coral recovery (Figure 10).

and |. Maguire. 2011.

e Coral Bleaching Recovery Survey, please reference this report: https:/dinr.hawaii.gov/reefre-
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Table 2.

Type of action

Management Action

Spatial management

Establish a network of permanent, fully protected no-take MPAs

Spatial management

Establish a network of temporary, rotationally closed, no-take MPAs

Spatial management

Close heavily bleaching-impacted reef areas to all human in-water activities

Spatial management

Establish a network of permanent Herbivore Fishery Management Area (FMA) which
fully protect all herbivores

Land-based Work with authorized agencies to reduce sediment stress on coral reefs by
strategies implementing additional land-based mitigation in adjacent watersheds

Land-based Work with authorized agencies to reduce nutrient/chemical stress on coral reefs by
strategies implementing additional land-based mitigation in adjacent watersheds

Fisheries rules

Prohibit all take (commercial and non-commercial) of sea urchins

Fisheries rules

Prohibit only the commercial take of sea urchins

Fisheries rules

Prohibit all take (commercial and non-commercial) of herbivorous fish

Fisheries rules

Prohibit only the commercial take of herbivorous fish

Fisheries rules

Prohibit all take (commercial and non-commercial) of parrotfishes

Fisheries rules

Establish size limits to protect parrotfishes

Fisheries rules

Establish bag limits to protect parrotfishes

Fisheries rules

Prohibit aquarium collecting of herbivorous fishes

Fisheries rules

Establish a temporary moratorium on aquarium collecting

Aquaculture Use aquaculture techniques to grow herbivorous species and bring them to affected

techniques area for biocontrol of macroalgae

Aquaculture ; ; :

techniques Identify, collect, propagate and replant corals found to be resistant to bleaching

Eradication Attempt to eradicate introduced fish species such as the Roi, or Peacock Grouper,

techniques Cephalopholis argus

Eradication ! .

techniques Attempt to eradicate the Crown of Thomns Starfish, Acanthaster planci

Oth Enhance marine enforcement efforts to ensure the effectiveness of rules relating to
i coral reef protection

oth Encourage the use of sunscreens that do not contain the ingredient Oxybenzone, which
er has been shown to be harmful to corals

Other Create artificial reefs in heavily bleaching - impacted reef areas
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Figure 10. Revised management framework with the inclusion of potential practical actions
that could be taken to promote recovery following a mass bleaching event.

— — ——— — —— —

Management Goal Strategy Mechanism 7 Action \ Ecological Goal
Spatial protection for I B
disturbed areas Establish a network of Enhance marine
e S s permanent, fully protected, enforcement efforts to
Prg;ve_ntmg ?dﬂltlplnﬂl Decrease no-take MPAs » ensure the effectiveness of
lamage to coral - i
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o I Establish a network of protection
human activities temporary, rotationally
Fe) closed, no-take MPAs Encourage the use of
< - -~ sunscreens that do not
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g,n Spatial prf)tectlon of e
g herbivores sediment stress Work with authorized
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-5 larval sources recovery
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The online global survey received 82 complete
responses (47% response rate). Respondents were
based in 12 countries; the majority being either
American or Australian. The majority (52%) had more
than 10 publications in the field and 72% had more
than 10 years of experience.

We ranked the management actions using their weight-
ed group average score. This simple method provides
accurate judgments compared with more complex
methods [83]. The management action with the highest
average effectiveness score from the survey was ‘reduce
sediment stress on coral reefs by implementing addition-
al land-based mitigation in adjacent watersheds’ (Figure
11). The most common comments added by survey
takers related to reducing sediment was to emphasize
that this was a critical action, but also that it was very
complicated to achieve and may only be effective in

certain systems. Other of the top five actions were:
‘reducing nutrients’, ‘enhancing enforcement’, ‘creating
permanent no-take areas through a network of MPAs’,
and ‘creating a network of herbivore protection areas’.
Related to MPAs, respondents added comments reflect-
ing that this was only part of the necessary response,
and that effective management of these areas would

be key to their success. Comments related to spatial
management of herbivore populations indicated that
managers should look at the success of local herbivore
protection areas first and that herbivore management
should be prioritized in areas where the threat of algae
growth is greatest. The management strategies with

the lowest scores were: ‘create artificial reefs in heavily
bleaching-impacted reef areas’, ‘attempt to eradicate in-
troduced fish species such as Roi’, ‘establish a network
of temporary, rotationally closed, no-take MPAs’, and ‘es-
tablish a temporary moratorium on aquarium collecting.’
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Figure 11. Management strategies from the global expert survey ranked by ecological effectiveness,

showing total of weighted responses.

Reduce sediment stress on coral reefs by implementing
additional land-based mitigation in adjacent watersheds

Reduce nutrient/chemical stress on coral reefs by

implementing additional land-based mitigation in...

Enhance marine enforcement efforts to ensure the
effectiveness of rules relating to coral reef protection

Establish a network of permanent, fully protected no-
take MPAs

Establish a network of permanent Herbivore Fishery
Management Area (FMA) which fully protect all...

Prohibit all take (commercial and non-commercial) of
herbivorous fish

Prohibit all take (commercial and non-commercial) of
parrotfishes

Establish size limits to protect parrotfishes

Establish bag limits to protect parrotfishes

Prohibit all take (commercial and non-commercial) of
sea urchins

Prohibit only the commercial take of herbivorous fish

Close heavily bleaching-impacted reef areas to all
human in-water activities

Use aquaculture techniques to grow herbivorous

species and bring them to affected area for biocontrol...

Prohibit aquarium collecting of herbivorous fishes

Identify, collect, propagate and replant corals found to
be resistant to bleaching

Encourage the use of sunscreens that do not contain the
ingredient Oxybenzone, which has been shown to be...

Prohibit only the commercial take of sea urchins
Attempt to eradicate the Crown of Thorns Starfish,
Acanthaster plancii

Establish a temporary moratorium on aguarium
collecting

Establish a network of temporary, rotationally closed,
no-take MPAs

Attempt to eradicate introduced fish species such as the
Roi, or Peacock Grouper, Cephalopholis argus

Create artificial reefs in heavily bleaching- impacted reef
areas

m very effective m somewhat effective m Undecided = somewhat ineffective m not effective

100%
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Hawai‘i-based Scientist and
Manager Expert Opinion

Hawai‘i-based scientist and manager expert opinion
was gathered through a workshop in August 2016 in
Honolulu. The 44 participants included Hawai‘i-based
representatives from DAR, NOAA, the Hawai'i Institute
of Marine Biology (HIMB), the University of Hawai'i
(UH), The Nature Conservancy (TNC), and Conservation
International (Cl).

To develop a list of ecologically effective statewide man-
agement recommendations, the workshop group was
provided with the 22 potential management actions from
the global survey. Participants were also provided with
the results of the global Coral Bleaching Recovery Sur-
vey, and summary information on perceived ecological
effectiveness of each action. Each participant was then
given five points to vote for the most effective actions.
Participants could use all five points for one action, or
distribute their votes among several actions, but could
only use up to five votes.

The management action that received the most points
(i.e. “most effective”) was ‘establish a network of per-
manent, fully protected no-take Marine Protected Areas
(MPAs)’, which received 50 points (this action ranked 4
in the global survey). Another top-ranked action was to
‘reduce land-based pollution’, which the group dis-
cussed as encompassing both sediment and nutrient
stress on coral reefs. ‘Herbivore management’ was the
third highest prioritized action, which the group decid-
ed should encompass a combination of management
actions. Lowest ranked actions again included ‘create
artificial reefs in heavily bleaching- impacted reef areas’
and ‘attempt to eradicate introduced fish species such
as the Roi, or Peacock Grouper, Cephalopholis argus.’

Related to herbivore management, the participants
could not hone in on one specific management action

or list of important species, but deemed it crucial to
conduct research to examine the relative influence of
herbivores in the affected areas including both fish and
invertebrates. The group also felt that adding the devel-
opment of a strategic communication plan to commu-
nicate resilience science and promote individual action
should be added. These results concurred with the
results from the global survey asking for expert opinion
on these same management actions. Although in slightly
different order, the reduction of land-based stressors,
establishment of MPAs, and focus on herbivore manage-
ment were consistently cited as ecologically effective ac-
tions that managers could take to promote coral recovery
and resilience following a bleaching event.

This exercise allowed us to compare the Hawai‘i-based
expert judgment to the online survey of global expert
judgment. Although the two assessments had different
methods (a weighted average score versus total number
of points), we can compare across methods by looking
at how each management action ranked in terms of
their overall effectiveness. We did this by giving each
rank position a point score. Actions that were in a more
highly ranked position received more points. Points were
then summed to provide a “combined ranking” based
on both the Honolulu workshop and the global survey.
This slightly altered the top actions, ultimately providing
a succinct list of the top-ranked management actions
based on global and Hawai‘i-based expert judgment.
(Table 3). There were two instances of ties in this pro-
cess. Actions with tied numbers of points shared that
ranking position. Based on this ranking, we honed in on
the top ten rated actions (ranked positions 1-9 with a tie
for second position).
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Table 3.

Management Action Honolulu | Global | Combined
Workshop | Survey Ranking

Reduce sediment stress on coral reefs by implementing additional land- 2 1 1
based mitigation in adjacent watersheds
Establish a netwark of permanent, fully protected no-take MPAs 1 4
Reduce nutrient/chemical stress on coral reefs by implementing additional 3 2 2
land-based mitigation in adjacent watersheds
Enhance marine enforcement efforts to ensure the effectiveness of rules 3 3
relating to coral reef protection 4
Prohibit all take (commercial and non-commercial) of herbivorous fish 6 4
Establish a netwark of permanent Herbivore Fishery Management Area 5 5 5
(FMA) which fully protect all herbivores
Prohibit all take (commercial and non-commercial) of parrotfishes 6 7 6
Establish bag limits to protect parrotfishes 8 9 7
Establish size limits to protect parrotfishes 9 8
Identify, collect, propagate and replant corals found to be resistant to 7 15 9
bleaching
Prohibit only the commercial take of herbivorous fish 10 1 10
Prohibit all take (commercial and non-commercial) of sea urchins 13 10 12
Prohibit aquarium collecting of herbivorous fishes 10 14 13
Use aquaculture techniques to grow herbivorous species and bring them to 14 13 14
affected area for biocontrol of macroalgae
Close heavily bleaching-impacted reef areas to all human in-water activities 16 12 15
Encourage the use of sunscreens that do not contain the ingredient 15 16 16
Oxybenzone, which has been shown to be harmful to corals
Prohibit only the commercial take of sea urchins 18 17 17
Establish a network of temporary, rotationally closed, no-take MPAs 17 20 18
Establish a temporary moratorium on aquarium collecting 19 19 19
Attempt to eradicate the Crown of Thoms Starfish, Acanthaster plancii 21 18 20
Attempt to eradicate introduced fish species such as the Roi, or Peacock 20 21 21
Grouper, Cephalopholis argus
Create artificial reefs in heavily bleaching- impacted reef areas 22 22 22
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To strengthen our identification of effective management
actions, we further investigated the top ten actions from
the expert judgment rankings using scientific literature.
This allowed us to minimize the potential biases that
could come from each type of analysis and provided us
with a final ranking based on both types of analyses.
Following the Honolulu workshop, we added two man-
agement actions (‘prohibit use of laynets statewide’ and
‘prohibit use of SCUBA spearfishing’) because they were
continuously raised in workshop discussion and subse-
quent meetings. However, because these actions were
not included in the expert judgment rankings, they were
included in the analysis of scientific literature, but not in
the final ranking.

To rank the potential management actions, we first
collected primary literature and reports using the search
format “[management action] AND coral recovery” for
each of the twelve actions from Google Scholar as well
as the Web of Science databases. Papers were includ-
ed in the analysis if they were specifically relevant in

answering whether each action is effective in terms of
a) the action’s management objective and b) our overall
coral bleaching recovery objective. For example, related
to ‘reduce sediment stress on coral reefs by imple-
menting additional land-based mitigation in adjacent
watersheds’, papers were included that described the
ability of watershed mitigation to reduce sediment (the
management objective) as well as the ability of corals to
recover once a reduction in sediment as occurred (the
recovery objective).

Once the papers were collected the evidence was cate-
gorized into one of six types, which describe whether the
evidence was empirical (based on direct observation) or
theoretical (based on theories or models), whether the
research from inside or outside of Hawai‘i, and if it had
been assessed at a global scale at multiple sites. The
categories were then weighted, which valued empirical
evidence over theoretical, research from Hawai‘i over
research from outside Hawai‘i, and highly valued global
studies with multiple sites (Table 4).

Empirical/ Scale Inside/outside of | Description of action Point

Theoretical Hawaii being Value
effective/ineffective

Empirical Multi-site Qutside Effective 6 o

Empirical Single-site | Inside Effective 5 bl

Empirical Single-site | Outside Effective 4 y

Theoretical Multi-site Qutside Effective 3

Theoretical Single-site | Inside Effective 2

Theoretical Single-site | Outside Effective 1

Theoretical Single-site | Outside Ineffective -1

Theoretical Single-site | Inside Ineffective -2

Theoretical Multi-site QOutside Ineffective -3

Empirical Single-site | Outside Ineffective -4

Empirical Single-site | Inside Ineffective -5

Empirical Multi-site Outside Ineffective -6
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Over 100 additional papers were reviewed for this
portion of the analysis. Evidence varied by point cate-
gory and also was variable throughout the management
actions (Appendix C). Each piece of evidence from these
papers was categorized into one of the evidence cate-
gories for both the management and recovery objective.
To rank the effectiveness of each management action
based scientific evidence, we first calculated the average
score of each action’s management objective and recov-
ery objective. We then plotted the average score against
the number of studies that this average represents,

or the literature support for each management action

(Appendix D1). We calculated the management and
recovery scores for each action by normalizing the num-
ber of studies and the mean effectiveness score, then
multiplying these metrics (Appendix D2). This allowed us
to consider each action’s effectiveness and our certainty
in this effectiveness, based on the number of studies.
Lastly, we summed the management and recovery
ranking score to give us our final, combined score for
each management action. This produced a quantitative
ranking of the management actions considering their
management and recovery effectiveness and the certain-
ty of this effectiveness (Figure 12).

Scoring Rank For Management Actions
By Both Management and Recovery Objectives

Herbivore Management Areas-

Parroffish size limits-

No-take MPAs-

Statewide parrotfish ban-

Parrotfish bag limits-

Prohibit SCUBA spearfishing-

Enhance enforcement-

Statewide herbivore ban-

Management Action

Reduce sediment stress- [ ]

Reduce nutrient stress- ]

Replant bleaching-resistant coral- e

Lay net ban- L]

0.0

Figure 12.

Using this method, we found that ‘establishing perma-
nent HFMAs’ had the highest summed ranking score,
followed by ‘establish size limits to protect parrotfishes’,
and ‘establish a network of permanent, no-take MPAs.’
The lowest ranking actions were ‘prohibit all use of lay
nets’, ‘identify, collect, propagate and replant corals
found to be resistant to bleaching’, and ‘reduce

0.2 0.4
Sum of Management and Recovery Ranking Scores

0.6

nutrient stress.” The next section summarizes the evi-
dence for each management action that was included in
this analysis.

A full description of each action’s management and
recovery objective as well as the categorization of all
limiting and supporting evidence can be found in
Appendix E.
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Spatial Management

Fisheries Rules

Globally and in Hawai‘i, no-take MPAs have been found to have both fisheries and ecosys-
tem benefits [84-92]. MPAs have been critical in maintaining coral cover over time (but not
necessarily increasing it) and in some have prevented cases, preventing algal overgrowth
[93-99]. However, MPAs in Hawai‘i have limitations especially when they are too small and
don’t represent a diversity of habitats ([96]. When MPAs were evaluated against various
potential management goals, there is a weak connection specifically between no-take MPAs
and coral recovery [92]. Regional environmental and habitat variability also strongly affect
the success of an MPA in a given location [100-103] and therefore strategic placement of
MPAs is crucial.

HFMAs have been successful in increasing herbivore biomass within their boundaries in
Hawai'i. In the first six years of the Kahekili HFMA (KHFMA), mean parrotfish and surgeon-
fish biomass both increased within the KHFMA by 139% and 28% respectively, however
this was mostly seen in small to medium sized species, whereas large-bodied species have
not recovered, likely due to low levels of poaching of preferred fishery targets [60]. Addi-
tionally, macroalgal cover has remained low and coral cover stabilized with a slight increase
from 2012 through early 2015 (before the bleaching event) [60]. The Redlip Parrotfish
(Scarus rubroviolaceus), a critically important parrotfish in Hawai‘i has qualities that make
them a good candidate for management through MPAs [104]. However, like no-take MPAs
there will be variability in its success based on the capacity of individual reef areas to sup-
port herbivores [100]. Spatial management has been found to have a strong connection to
the mechanism of herbivory and its role in shaping benthic communities, however this role
has not been completely shown to lead coral recovery [92]. Like no-take MPAs, regional
variability will strongly affect their success [105-1071.

Lay nets have been proven to be destructive to benthic environment when they become
entangled in coral and cause physical damage [108, 109]. There has only been one study
which explored the relationship of lay nets to recovery from coral bleaching events (via their
effect on herbivore populations) and found that lay nets were not in the top gear types for
herbivore catch [110]. A study from Moloka'i, Hawai‘i concurred with these findings and
found that herbivores only constituted a minimal percentage of the total number of fish
caught and therefore banning their use would likely not have a great effect on herbivore
populations [111]. It is important to note here that there has been relatively very few studies
connecting lay net fishing to herbivores or to coral recovery. It is also possible that the
Moloka'i study captured local-scale patterns and may or may not represent the larger area.

Parrotfish management in Hawai‘i could be greatly enhanced by banning spearfishing with
SCUBA, especially at night, as herbivores including parrotfishes and surgeonfishes are
primary components of the spearfishing catch in Hawai‘i and coral reef fishes, particularly
parrotfishes, are more vulnerable at night [96, 116, 117]. Surveyed fishermen in Hawai'i felt
that SCUBA diving allows for inappropriate levels of fishing efficiency [114]. As with laynets,
there has only been one study that explored the relationship of fishing gear to recovery

from coral bleaching events. In general it is thought that gear restrictions that protect large,
grazing species would assist in maximizing algal removal [110]. In addition, spearfishers in

Kenya were found to cause the highest rates of physical damage to coral when fishing [108].
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There are numerous studies demonstrating the sensitivity of herbivore populations to over-
fishing [115 - 117]. There is evidence of overfishing of herbivores in Hawai‘i [96, 116-118].
A parrotfish fishing ban in Belize has reduced herbivorous fish harvest and had a high com-
pliance [119, 120]. Related to coral recovery, fished reefs with fewer herbivores have a great-
er chance of being overgrown by algae [5]. In addition, the parrotfish ban in Belize resulted
in increased coral resilience [64]. However, as with spatial management, it is unlikely that

all reef areas will respond similarly to an herbivorous fish ban [105-107, 117]. For example,
an assessment in New Caledonia concluded that a ban on herbivore harvesting would be
unlikely to improve coral reef resilience based on local conditions [121].

For parrotfish specifically and especially male fish, there is evidence from Belize that
populations can recover quickly from overfishing following a complete ban [122]. Parrotfish
play multiple ecological functions in coral recovery, including controlling algal overgrowth
and creating new space for coral settlement [123, 124] and these relationships have been
identified in Hawai‘i [125]. Specifically, scrapers (Chlorurus spilurus, Bullethead Parrotfish;
Chlorurus perspicillatus, Spectacled Parrotfish; and Scarus rubroviolaceus, Ember par-
rotfish) were most strongly associated with Hawai‘i reefs being in a coral-dominated state
[126]. However, like the complete ban on herbivorous fishing and spatial management,
success will vary depending on geographical factors [105-107, 1171.

Very specific minimum size limits have been identified for Hawai‘i in order to protect pop-
ulations from overfishing [127]. Specifically, DeMartini et al. 2016 suggested the minimum
legal sizes of parrotfishes in Hawai‘i should increase to 35.6 cm (14 inches) LF for the two
large-bodied species (Scarus rubroviolaceus and Chlorurus perspicillatus) and 24.3 cm (11
inches) LF for Calotornus carolinus. Because the bioerosion abilities of parrotfish increase
with size, protecting larger parrotfish will compound their ability to aid in coral recovery
processes [65,125, 128]. Because there are natural differences in the capacity of specific
reef areas to support herbivores, size limits may not have a consistent effect across all sites
[105-107, 1171.

Bag limits would essentially equate to a partial ban on parrotfish harvest, and therefore have
many of the same benefits, but likely with less impact. In Hawai‘i, it has been suggested that
prohibiting the take of blue/green male parrotfishes would be effective at protecting against
overfishing of sex-changed male fish [128]. As with total protection, the natural differences
in the capacity of different reef areas to support herbivores, will mean that bag limits will not
have a consistent effect across all sites [106-108, 118].

Land-based Strategies

In general, it is clear that excessive sediment has negative effects on coral, and prevents
reefs from returning to pre-impact conditions [129]. Reducing sediment through watershed
management has been successful in many island nations and at a large scale in China
[130, 131]. However, a global review found only one example of reductions in net fluxes of
land-based sediment levels following restoration efforts [132]. There is an established rela-
tionship between the health of watersheds and the health of adjacent reefs in Hawai‘i [133],
however if sources of sediment are chronic it is unlikely that corals will be able to rapidly
recover after restoration actions [132].
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In general, elevated nutrient levels have a negative effect on corals [129]. Diverting nutrients
has led to coral reef recovery in Hawai‘i (Kane‘ohe Bay) [134], though this is only known ex-
ample of this type of ecosystem reversal [132]. As with reducing sediment, watershed man-
agement has been successful in many island nations [130]. However, also as with reducing
sediment, it is unlikely that corals will quickly respond to reductions in nutrients where there
remains chronic exposure to other forms of land-based pollution [42, 132].

Aquaculture Techniques

Other

Several coral transplantation efforts have recorded high survivorship of transplanted corals
at a relatively low cost to managers, indicating that such an approach may enhance reef
recovery [72, 81, 135-137]. A pilot project on the Great Barrier Reef moved corals associ-
ated with relatively warm conditions to cooler conditions. This effort proved successful when
evidence of recruitment was found, but it was only found at certain locations [138]. There
have also been examples of efforts that were not successful in transplanting bleaching-resis-
tant corals, often suffering from logistical challenges [66, 82]. Additionally, one study found
corals lost their bleaching resistant ‘edge’ once they were planted in a new location [139].
Finally, there are some ethical concerns about moving corals including the potential for
‘outbreeding depression’ and the spread of disease into the receiving area [66,140].

Adequate enforcement is often correlated with high fish biomass and richness on a global
scale [141, 142]. In Hawai‘i's Community Fishery Enforcement Unit (CFEU)’s first year of
operations (2013-2014), officers issued a number of citations including net, diving, lobster,
undersized fish, and bag limit violations [143]. Enforcement has been cited as a critical
component of MPA management specifically [98, 142, 144, 145] and can prove cost-ef-
fective when compared to active restoration [146]. Limiting factors include that levels of
enforcement are rarely quantified or reported [98] and the fact that there are a number of
specific and distinct actions that could be taken to increase compliance [147], and so a
locally-appropriate strategy must be developed.
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Section Three: Conclusions

The goal of the Coral Bleaching Recovery Plan is to pro-
mote coral reef recovery following the 2014-2015 global
coral bleaching event. The bleaching event had effects
throughout the state of Hawai‘i and its severity warranted
management intervention. This is especially true in the
four priority sites, of north Kaua'‘i, Kane‘ohe Bay, leeward
Maui, and west Hawai‘i which had the highest level of
either exposure to high ocean temperatures or coral

mortality following the bleaching event. This plan will aid
managers in implementing effective management ac-
tions by prioritizing which potential management actions
would be the most ecologically effective in promoting re-
covery. This was answered by collecting expert judgment
from both global and local scientists and managers as
well as by critically analyzing the scientific literature on
the applications of those actions.

Although the global online survey, the workshop exer-
cise, and the literature analysis were conducted using
different methods, we can compare their results by

looking at how management actions were ranked relative
to each other across the three activities (Table 5).

We did this by giving each rank position a point value
and then summing these values for the three analysis
types. Prohibiting SCUBA spearfishing and prohibiting
laynets were removed from this comparison because
they were not present in the expert judgment assess-

Based on expert Ba_sed.on
: scientific
lucgarsrt literature
Global Hawai‘i Literature
Survey | Workshop | Analysis Final Relative
Management Action Rank Rank Rank Ranking | Effectiveness
Establish a network of permanent, fully protected 4 1 2 1
no-take MPAs
Reduce sediment stress on coral reefs by
implementing additional land-based mitigation in 1 2 9 2
adjacent watersheds
Establish a network of permanent Herbivore
Fishery Management Area (FMA) which fully 5 6 1 3
protect all herbivores
Enhance marine enforcement efforts to ensure the
effectiveness of rules relating to coral reef 3 4 i 4
protection
Reduce nutrient/chemical stress on coral reefs by
implementing additional land-based mitigation in 2 3 10 5 ,
adjacent watersheds Effective
Prohibit all take (commercial and non-commercial) 7 8 4
of parrotfishes 6
Prohibit all take (commercial and non-commercial)
; 6 5 8
of herbivorous fish
Establish size limits to protect parrotfishes 8 12 3 7
Establish bag limits to protect parrotfishes 9 9 5 8 Moderately
Identify, collect, propagate and replant corals Effective
found to be resistant to bleachin s i i J
g
Prohibit all use of SCUBA for spearfishing 6
Prohibit all use of laynets 12

Table 5.
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ments. It is clear from this comparison that there was a
substantial difference in the rankings between the expert
judgment and the literature analysis for a portion of the
management actions. For example, ‘reducing sediment
stress’ ranked first and second from expert judgments
methods. However, it ranked ninth (third to last) in the lit-
erature analysis. This may be because experts were asked
to not base judgments on the feasibility of a given action.
Thus, it is reasonable to conclude that, if it were possible
to decrease sediment, that this would be effective-
because of the known negative link between sediment
and coral survival. However, the literature analysis
identified only one example of successful watershed
management leading to reduced sediment fluxes on a

large scale and ultimately coral recovery. This partly
resulted in it receiving a very low rank when using the
literature analysis method.

A second example is establishing bag limits for
parrotfishes. This ranked 9th (close to the middle of

all 22 management action options) in both the global
online survey and the Hawai‘i workshop but was the top
action in the literature analysis. What helped it rise in the
literature analysis was the fact that we have very specific
information on Hawai‘i parrotfish from DeMartini et al.
2016 which describes the positive effect that a partial
ban would have on specific species. This can be said
for the maijority of fisheries rules including parrotfish size
limits and the parrotfish ban.

The limitations of basing policy decisions on expert judg-
ment or scientific literature alone have been discussed in
a previous section. To overcome these potential biases, we
combined the rankings from both types of analyses and
based on conclusions on their collective findings.

Additionally, our evaluation did not consider parameters
which are likely to affect the effectiveness of a particular
action, for example management feasibility, enforceability,
implementation cost, man hours required, sociocultural
cost, or public opinion. We assume here that all man-

agement actions are equally feasible and enforceable.
However, in developing a management strategy, it is criti-
cal that these factors be considered. However, beginning
with an evaluation based on ecological effectiveness will
ultimately strengthen the overall assessment of the
potential management actions. Finally, our analysis
focused on the ability of management actions to promote
coral recovery following a bleaching event. Although
there may be some inherent overlap, this analysis did not
evaluate how the actions could impact the resistance of
Hawai‘i’s coral reefs to future climatic disturbances. This
will be a critical piece of the ultimate recovery strategy.

Establishing a network of permanent no-take MPAs and
establishing a network of Herbivore Fishery Management
Areas (HFMA) were highly ranked actions, which per-
formed well in both the expert judgment assessments and
the literature analysis. Our analysis therefore indicates
that spatial management, particularly herbivore man-
agement, is critical to coral recovery in Hawai‘i. Spatial
management should also target areas with a high natural
resiliency and recovery potential. Enhancing enforcement
also scored well across all analyses but additional investi-
gation is needed to inform what type of action (increasing
education, increasing penalties, increasing number of
officers) would be the most impactful. Lastly, fisheries
rules, especially pertaining to parrotfish are particularly
important component of any recovery action in Hawai'i, as

shown by the detailed information on the contributions of
individual species and size classes, and the performance
of complete and partial bans in other regions of the world.

The next step in the coral bleaching recovery planning
process should be to evaluate where the top-ranked
actions including spatial management and perhaps a se-
lection of fisheries rules would have the greatest positive
impact in terms of coral reef recovery. This is still an open
question because, as the literature emphasized, man-
agement actions will not have a consistent effect based
on the natural ecological variability among different reef
areas. This evaluation should consider minimizing social
cost and consider the management feasibility of actions
that are seriously being considered for implementation.
This exercise should also be extended to consider which
management actions are the most effective in enhancing
the resiliency of Hawai‘i’s reefs to future climatic events.



Appendix

Appendix A NOAA Coral Reef Watch Program a) plots of Sea Surface Temperature (SST), Degree Heating Weeks
(DHW), and coral bleaching alerts for 2014 and 2015 in more northerly Main Hawaiian Islands and b) maps of DHW
in the Main Hawaiian Islands region.
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Appendix B a) Management obstacles (in red) and opportunities (in green) identified for implementing management
actions in the priority sites. b) Research needs in each priority site for effective management action implementation.

Fish that are fished with nets create an
obstacle, easy on enforcement but are
these the fish we’re going after?

Enforcement

Private landowners

Lack of data/information — few people in
the small group had site-based
knowledge of areas

How to enable enforcement? Create a
rule? Funds from licenses? A new
CFEU?

Self-reporting of fishing violations

Effective communication to community
(may also be an opportunity)

Makai Watch participation

Needs to be adaptive

Changing current day-to-day practices

NERRS designation

Data available through the Ocean tipping
points

Use the existing management regime,
nest protection within existing network

Education and outreach, needs to be
developed to actually see behavior
change

Existing partnerships and management
efforts

Haena state park management plan —
catalyst to managing this area and
crowding issues

Create general area rules, then focus on
individual site-based rules

Coral bleaching events as a call to
action

Decent enforcement in the bay

Resurface the previous rule package

We already have a good rule for Maui
— ban take on terminal male uhu

Education and outreach perceived as
important for future generations.

Urchins not broadly harvested so a
ban on their take would not be too
difficult

Use new technology
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Site-based Research Needs

West Hawaii West Maui Kaneohe Bay North Kauai

Decision support tools, specifically those ) . . :
3 . p s Define and defended “important ) Where are nutrients coming from and
that have a spatial analysis element and . \ Identify best areas for MPA network )
herbivores’ how impactful are they?
allow for stakeholder engagement

ID existing datasets useful to monitoring

i ) Ecological resilience of the area, what
effectiveness of implemented

What other herbivores (besides fish) are |Gather more life history info to help

important? with modeling efforts makes the most sense to protect?

management action

Distribution of herbivores — what
happened to the post-recruit How effective is education?
parrotfish?

What combinations of gear, size, and bag|Determine economic demand on the |Boat strikes — effectiveness of markers

Consistent, statewide metrics of coral Gather fishing pressure data on the
“health” important herbivores

What are the impacts of sunscreen, does

limits on herbivores would be most important herbivores — what is the before and after intervention; is ! b
it get flushed out in this area?

effective? social impact of regulations? reattachment of coral effective?
Tracer study to understand relative

. i i Set management criteria for suitability Where to put a no take MPA? What are
What areas are likely to resist bleaching? i impacts of cesspools versus other o

of particular forms of management p the criteria?
stressors

Synthesize large body of available
What areas are sources of larvae? data of on parrotfish to show current |Prioritize watershed areas/streams
status and variability between areas
Identify the stressors for each area
(spatially) and quantify relative
importance of each to that area

Synthesize biophysical data for the
region — freshwater inputs?

Need method to share data and

synthesize metadata

Appendix C The distribution of evidence in the literature analysis in each point value category and for each
management action.

Limiting Evidence Supporting Evidence
Total
number of
Management Action -6 -5 -4 -3 2 7 1 2 3 4 5 6 studies

Enhance marine enforcement efforts to ensure
the effectiveness of rules relating to coral reef
protection 2

Reduce sediment stress on coral reefs by
implementing additional land-based mitigation

in adjacent watersheds 2 2
Establish a network of permanent, fully
protected no-take MPAs 2 4 | 1 3 1

Establish a network of permanent Herbivore
Fishery Management Area (FMA) which fully
protect all herbivores 1 1 3 2

Reduce nutrient/chemical stress on coral reefs
by implementing additional land-based

mitigation in adjacent watersheds 3 1 3
Prohibit all take (commercial and non-

commercial) of herbivorous fish 1 1 2
Establish size limits to protect parrotfishes 1 1 1
Prohibit all take (commercial and non-

commercial) of parrotfishes il 1 3 1
Establish bag limits to protect parrotfishes 1 3 1
Identify, collect, propagate and replant corals

found to be resistant to bleaching 2 2 1
Prohibit all use of SCUBA for spearfishing 1

Prohibit all use of laynets 1 1 2 4




Appendix D.1 The literature support for the top-ranked management actions based on their mean effectiveness score

and the number of studies.

Literature Support for Management Action

Management

20~

0-

Replant Bleaching-
Resistant Coral _

Number gf Studies

Lay net ban

No-take MPAs

Parrotfish
Size Limits

Enhance \
Enforcement
) i I;arrorﬁsh Bag Limits
: _ Prohibit SCUBA Spearfishing

Herbivore Management Areas

_ Statewide Parrotfish Ban Reduce nutrient stress

Statewide herbivore ban
__ Reduce nutrient stress

Reduce
Sediment
Stress

3 6 -6 3
Mean Management Effectiveness Score

Recovery

Herbivore Management Areas

No-take MPAs
V'S

Statewide parrotfish ban
A P

Appendix D.2 The scoring rank for the top-ranked management actions based on their ranking score.

No-take MPAs.-

Herbivore Management Areas. -
Statewide parrotfish ban. -
Prohibit SCUBA spearfishing. -
Parrotfish size limits. -
Parrotfish bag limits. -

Enhance enforcement. -

Statewide herbivore ban. -

Management Action

Reduce sediment stress, -

Lay net ban, -

Enhance enforcement, -

Prohibit SCUBA spearfishing, -
No-take MPAs, -

Replant bleaching-resistant coral, -
Statewide herbivore ban, -

Reduce nutrient stress, -

Reduce nutrient stress. -
Reduce sediment stress. -
Replant bleaching-resistant coral. -

Lay net ban.-

Herbivore Management Areas, -
Parrotfish size limits, -
Parrotfish bag limits, -

Statewide parrotfish ban,-

A
A

A
A
A
A

A
A
A

A
0.4 -0.2 00 0.2
Ranking Score

Scoring Rank For Management Actions
By Management and Recovery Objectives
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= » Management
A Parrotfish Bag Limits A Recovery
Parrotfish
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Enhan A A laynetban
Enforcement
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Appendix E Summary of evidence related to the ability of each

recovery objective (in light blue).

action to meet its management objectives (in dark blue) and the recovery objective of promoting its

Point Value -6 5 -4 -3 -2 -1 1 2 3 4 5 6
Management Objective Empirical Empirical Empirical Theoretical Theoretical Theoretical Theoretical Theoretical Theoretical Empirical Empirical Empirical
Action muliti-site ineffectiveness | ineffectiveness multi-site ineffectiveness | ineffectiveness effectiveness | effectiveness multi-site effectiveness | effectiveness multi-site
evidence this of this method of this method | evidence this | of this method | of this method of this of this evidence of this of this evidence
method is in Hawai‘i outside method is in Hawai‘i outside method method in this method method method in this method
not effective Hawai‘i not effective Hawai‘i outside Hawai‘i is effective outside Hawai is effective
Hawai‘i Hawai‘
A network of Increase in Heenan et al. Williams et al. Magris et al. Beverton and McClanahan Friedlander McClanahan
y 2016, Williams 2015 2015 Holt 1957, 2009 et al. 2007, and Kaunda-
permanent, fish etal. 2015, Polacheck Christie et al. Arara 1996,
no-take MPAs | abundance Williams et al. 1980, 2010, Roberts et
within and 2015 DeMartini Wedding and al. 2001,
1993, Sladek Friedlander Russ etal.
around etal 1999, 2008, 2004,
areas Bellwood et Friedlander Abesamis
closed to all al. 2004 and and Russ
take of DeMartini 2005
8 2002
marine
resources
Coral Graham et al. Stockwell et al. McCook et al. Graham etal. Mumby et al. Stockwell et Selig and
recovery due | 2011, Mumby 2009 2001, 2013, 2007, Ledlie al. 2009, Bruno 2010
Taan and Steneck Knowlton Bohnsack etal. 2007 Friedlander
. . 2008 2004, 1998 etal. 2007
nereasenn Bellwood and
all fish within Fulton 2008
no-take MPA
areas
Establish Increase in Heenan et al. McLoed et al. McClanahan Howard et al. Bellwood et
. 2016 2009, etal. 2007 2013, al. 2012,
permanent herbivore Graham etal. Williams et Edwards et
Herbivore abundance 2011 al. 2016, al. 2014
Fishery within and Friedlander
and
Management | around WL
Areas, areas 2002
protecting all | closed to all
herbivores take of
marine
resources
Coral Graham et McCook et Edwards et Graham et Nash et al. Jaywardene Bellwood
recovery due al. 2011 al. 2001, al. 2011, al. 2013 2016, 2009, et al. 2004,
toan Knowlton Rogers et al. Holbrook et Williams et Hughes et
increase in 2004, 2015 al. 2016, al. 2016, al. 2004,
herbivorous Bellwood Cramer et Hixon et al. Marshall
fish because and Fulton al. 2017 1996, Smith and
of Herbivore 2008 etal. 2010 Schuttenb
Fishery erg 2004
Management
Areas
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Prohibit all
use of lay
nets

Increase in
herbivorous
fish
targeted by
lay nets
statewide

Puleloa 2012

Cinner et al.
2009

Coral
recovery due
toan
increase in
herbivorous
fish because
of a laynet
ban

Mangi and
Roberts
2006,
McClanahan
and Cinner
2008

Prohibit all
take of
herbivorous
fish statewide

Increase in
herbivorous
fish
statewide

Heenan et al.
2016

Mumby et
al. 2014

Q'Farrell et
al. 2016,
Cox et al.

2013

Heenan et
al. 2016,
Friedlander
et al. 2007

Coral
recovery due
to increase in
herbivorous
fish because
ofa
herbivorous
fishing ban

Carassou et
al. 2013

Mumby et
al. 2014

Smith et al.
2002,
Friedlander
etal. 2007

Enhance
marine
enforcement
efforts to
ensure the
effectiveness
of rules
relating to
coral reef
protection

Increase in
compliance to
coral reef-
related rules

Kaplan et al.

2015, Selig

and Bruno
2010

Edgaret al.
2014,
McClanaha
netal.
2006,
Crawford et
al. 2004,
Kaplan et
al. 2015

Pollnac et al.
2010

DLNR 2015

Coral recovery
due to
increased
compliance
because of
enhanced
enforcement

Selig and
Bruno 2010

Haisfield et
al. 2010

Prohibit all
use of SCUBA
for
spearfishing

Increase in
biomass of
herbivorous
fish targeted
by SCUBA
spearfishing

Cinner et al.
2009,
Lindfield et
al. 2014

Meyer
2006,
Howard et
al. 2013,
Stoffle and
Allen 2012

Gillet and
Moy 2006

Coral recovery
due to an
increase in
herbivores
because of a
SCUBA
spearfishing
ban

Cinner et al.
2009

Nash et al.
2016, Mangi
and Roberts

2006
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Prohibit all Increase in Heenan et al. O'Farrell et Friedlander Bellwood
take biomass of 2016 al. 2015, etal.2007, | etal.2012,
(commercial parrotfish Cox et al. Heenan et Edwards et
statewide 2012, al. 2016 al. 2014
and "
N O'Farrell et
recreational) al. 2016
of Coral Graham et McCook et Bozec et al. Graham et Bellwood et | Jaywardene | Mumby et
parrotfishes | rocovery due al. 2011 al. 2001, 2016 al. 2013 al. 2006, 2009, al. 2006
to a complete Knowlton Ledlie et al. Jouffray et
ban of 2004, 2007 al. 2014
parrotfishes Bellwood
and Fulton
2008
Establish size Increase in Heenan et al. Kuempel and Friedlander Bellwood
limits to biomass of 2016 Altieri 2017 etal. 2007, | etal. 2012,
protect parrotfish Heenan et Edwards et
. statewide al. 2016, al. 2014
parrotfishes DeMartini
etal. 2016,
DAR 2009,
Ong and
Holland
2010
Coral Bozec et al. Graham et Bellwood et | Jaywardene | Mumby et
recovery due 2016 al. 2013 al. 2006, 2009, Ong al. 2006
to an Ledlie et al. and
increase in 2007, Holland
large Lokrantz et 2010
parrotfish al. 2008
because of
size limits
Establish Increase in Heenan et al. DeMartini O'Farrell et Friedlander | Bellwood
bag limits to biomass of 2016 2016 al. 2015 etal. 2007, etal. 2012,
parrotfish Heenan et Edwards et
protect statewide al. 2016 al. 2014
parrotfishes
Coral McCook et Bozec et al. Graham et Bellwood et | Jaywardene | Mumby et
recovery due al. 2001, 2016 al. 2013 al. 2006, 2009 al. 2006
to an Knowlton Ledlie et al.
increase in 2004, 2007
parrotfish Bellwood
because of and Fulton
bag limits 2008
Prohibit all Increase in Graham et Williams et al. McClanahan
take of sea biomass of al. 2011 2016 and Shafir
. sea urchins 1990,
urchins statewide Sweatman
2008,
Harborne et
al. 2009
Promote Conklin and Ogden 1977; McCook et Kuempel Vermeij et
coral Smith 2005, McClanahan al. 2001, and Altieri al. 2009,
bleaching Stimson 2005 | & Muthiga Knowlton 2017 Neilson et
recovery 1988; Bak 2004, al (in prep),
1990; Bellwood Conklin and
McClanahan and Fulton Smith 2005
1997; Griffin 2008
etal. 2003
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Partner with | Decreasein Kroon et al. Richmond Richmond
other sediment 2014 et al. 2005 et al. 2007,
i levels Chuetal.
agencies to | agjacent to 2009
reduce watershed
sediment management
stress Kroon et al. Richmond Jokiel et al. Rodgers et
Coral recovery | 2014 et al. 2005; 2006, Gilet | al.2012
through due to Zimmer et al. 2016
land-based | decrease in al. 2006
watershed sedimentation
e becasue of
mitigation watershed
mitigation
Partner with | Decreasein Hunter and Richmond Richmond
other nutrient Evans 1995 et al. 2005 et al. 2007,
) levels Kroon et al.
agencies to adjacent to 2014
reduce watershed
nutrient management
stress Coral Kroon et al. Richmond lokiel et al. Smith et al.
recovery due 2014, Risk et al. 2005; 2006, Gil et 1981,
thrOUgh to a decrease etal. 2014, Zimmer et al. 2016 Rodgers et
land-based in nutrients Mumby and al. 2006 al. 2012
watershed because of Steneck
mitigation wz-it.ersilaed 2011
mitigation
Identify, Successful Aswani et McClanahan Mbije et al.
collect, transplantati al. 2015 et al. 2005, 2013,
on of D'Angelo et Gomez et
propagate | pjeaching- al. 2015 al. 2014,
and replant resistant van Oppen
corals found | corals etal. 2011
to be Coral Aswani et Cremieux et Rinkevich
. recovery al. 2015 al. 2010 2005, 2006,
SR because of 2008
b'eaChing the planting
of bleaching-
resistant
corals
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